Background: Attention-deficit hyperactivity disorder (ADHD) is a chronic disorder that appears first in childhood at preschool age (4 -5) years, and is manifested by a symptomatic pattern of difficulties with attention, motor activity and impulsivity. Maternal factors like stress, sociodemographic and maternal life style factors are potential risk factors for ADHD. Methodology: A retrospective case-control study was conducted in Baghdad-Iraq. Cases have been taken from 5 private paediatric clinics. Controls were chosen from kindergartens within the same residential area of the paediatric private clinics. Mothers of cases and controls were investigated for the risk factors of ADHD using a self-administered questionnaire. The total sample size was 260. Number of cases was 130 and number of controls was 130. Results: Five variables were significantly associated with development of ADHD after using a multivariate logistic regression model, maternal war stress (Adjusted OR 9.08, 95% CI 4.70 -17.52 and P value < 0.001), maternal smoking (Adjusted OR 3.27 95% CI 1.40 -7.63, P < 0.001), father lost job (Adjusted OR 2.81, 95% CI 1.51 -5.24, P value < 0.001), and house damaged (Adjusted OR 2.55, 95% CI 1.04 -6.24, P < 0.05). Family income was also associated with risk of ADHD (OR 1.02 95% CI 1.00 -3.12, P value < 0.05). Conclusion and suggestion: Maternal exposure to war stress has 9 times higher risk of developing ADHD among offspring. This study aimed to offer to the policy makers a good benchmark to plan more programmes related to women and child health with respect to the fourth and fifth Millennium Development Goals (MDGs) in reduction of child mortality and morbidity and improvement of maternal health. There is a real necessity to address the need of vulnerable pregnant mothers at war and disaster's time for programmes which will be able to control the stress that those pregnant mothers would encounter during those hard times.
INTRODUCTION
Attention-deficit hyperactivity disorder (ADHD) is one of the most common mental disorders, affecting both children and adolescents with prevalence in no referred samples of 3% -10% [1] . ADHD is also considered the most common cognitive and behavioral disorder diagnosed among school children) [2] .
ADHD is a neurobehavioral disorder characterized by pervasive inattention and/or hyperactivity-impulsivity resulting in a significant functional impairment mainly problem solving, deficient attention along with hyperactivity and difficulty withholding incorrect answers [3] .
Although, the prevalence of ADHD decreases with increasing age, symptoms persist throughout adulthood in about 50% of affected children [4] .
If left untreated, the symptoms of ADHD can significantly affect a child's academic and social functioning. Moreover, these symptoms have been shown to predispose patients to accidents due to their inattentive state. In general, there are 2 types of ADHD. These are the inattentive and hyperactive/impulsive types according to the Diagnostic and Statistical Manual of Mental Disorders, The Fourth Edition (DSM IV) [3] .
In Iraq, Risk factors of ADHD have not been explored before. However, Prevalence of ADHD among schoolchildren in Baghdad (the capital of Iraq) is 10.5% [5] . Although, there is no general consensus regarding the Copyright © 2013 SciRes.
OPEN ACCESS etiology of ADHD, most investigators endorse a neural foundation to the origin of the disorder [6] . The etiology of ADHD is multifactorial. There are many factors whether directly or indirectly affecting the individual and can lead to the development of ADHD. In order to understand the etiology of ADHD we need to classify it into many risk factors which can cause ADHD. The mechanism by which maternal stress causes developmental problems in offspring is still unclear, but several hypotheses exist. Even though there are no direct connections between the maternal and foetal nervous systems, the mother's emotional state can influence the foetus's reactions and development [7] .
It has been shown that, the activation of the sympathetic nervous system which, occurs during stress, causes an increase in uterine artery resistance that subsequently reduces blood flow to the fetus [7] . This decrease in blood flow to the fetus may impair the development of organs, including the brain of the fetus. Moreover, it has been shown that, although 50% -90% of the cortisol which is released in the mother's blood in response to maternal stress, is deactivated by special enzyme, a certain amount of cortisol can escape this deactivation and reaches the fetus [8] . By this mechanism, the increased fetal cortisol can alter the development of the baby's nervous system and deregulate the hypothalamo-pituitary-adrenal (HPA) axis in the fetus, causing deregulated HPA response to stress in the child postnatally (ADHD like disorder).
In human being, gestational stress has been shown to be a potential factor associated with a higher risk to develop some neurological and psychiatric disorders. Similarly, in animal models, stress can induce lasting deficits in the offspring. Long-lasting effects of stress have been linked to disturbances in the function of the hypothalamo-pituitary-adrenocortical axis. Moreover, stress during pregnancy may cause alteration in brain development, leading to altered synaptic connectivity and persistent deficits in brain function [9] .
A direct link between antenatal maternal mood and fetal behavior was observed by ultrasound from 27 to 28 weeks of gestation onwards [10] . Moreover, 14 independent prospective studies have shown a link between antenatal maternal anxiety or stress and cognitive, behavioural, and emotional problems in the child. This link generally persisted after controlling for postnatal maternal mood and other relevant confounders in the pre-and post-natal periods [11] .
Stress following wars and disasters is considered capable of affecting pregnant mothers. In a study by Xiong et al. of 301 women from New Orleans and Baton Rouge, pregnant women were interviewed about their experiences during the hurricane, and whether they experienced symptoms of post-traumatic stress disorder (PTSD) or depression. In this study, "high hurricane exposure" was defined as having experienced 3 or more of the 8 severe hurricanes to have hit the area, having gone through the feeling that one's life was in danger, have walked through floodwaters, or have had a loved one die.
The conclusion derived from that study was that women who have had high hurricane exposure were at an increased risk of having low birth weight infants. Rather than a general exposure to disaster, exposure to specific severe disaster events and the intensity of the disaster experience may be better predictors of poor pregnancy outcomes. It was suggested that to prevent poor pregnancy outcomes during and after disasters, future disaster preparedness may need to include the planning of earlier evacuation of pregnant women to minimize their exposure to severe disaster events [12] .
The effects of natural disasters, war, and family violence on the mental health of 296 children and adolescents in Sri Lanka were studied. These children and adolescents (9 to 15 years old), who were exposed to civil war and the Asian Tsunami, completed a survey regarding war-related events, tsunami exposure, and family violence. Of those surveyed, 82% had experienced at least 1 war-related event in their lifetimes. The most common events were seeing a dead or mutilated body (44%), being close to a combat situation (40%), and witnessing gunfire or shelling (33%). Seventy-one percent of the children were directly affected by the tsunami; more than half had seen the wave close by; almost all had to flee; and about a quarter had been caught by the wave [13] .
In another study, the efficacy of school-based intervention was assessed in a sample of 403 children (mean age, 10 years) who had been exposed to armed conflict in Central Sulawesi, Indonesia. These children had symptoms of PTSD and anxiety. They were randomized to a 15-session, school-based intervention or a wait-list control group. The intervention included cognitive-behavioral techniques, cooperative play, and creative-expressive elements (e.g., drama, dance, music).
Those in the school-based group had significantly more improvement in PTSD symptoms and increased hope than did those in the wait-list control group. However, stress-related physical symptoms, depressive symptoms, anxiety, and functioning did not differ between the treatment and wait-list control groups. The authors speculated that psychosocial intervention alone was not sufficient to counter the chronic poverty and political instability in the region. They suggested that poverty reduction and conflict resolution in addition to psychosocial intervention may be necessary to improve the mental health functioning of these children [14] .
METHODS AND MATERIALS
In the present study, the aim was to include children of all types of ADHD as cases regardless what type of ADHD they are.
A total number of 260 participants were chosen for retrospective case-control study (one hundred and thirty cases and 130 controls). This study was carried out in Baghdad city (The Capital city of Iraq) where most of the war events in 2003 happened, which gives the researcher a great opportunity to assess the correlation between ADHD as a dependent variable of this study and maternal war stress and other independent variables like sociodemographic and maternal life style variables.
Baghdad city is a big city with nearly 6.5 million populations. It is a multiethnic, multinational and multi religious city which gives the researchers more freedom to generalize the findings.
Populations for this study were preschool children (4 -6 years old) with their mothers along. Cases were chosen from 5 private pediatric clinics in districts of Baghdad city. Controls were chosen from 20 kindergartens within the same geographical zone of the private pediatric clinics. Cases were diagnosed as ADHD by consultant Pediatricians using the Diagnostic and Statistical Manual of Mental Disorders, form, the fourth edition (DSM IV).
Sampling method for cases was simple random sampling by choosing 130 children randomly from a pool containing 520 children diagnosed with ADHD. Sampling method or technique for controls was systematic sampling by choosing 130 names of 4 -6 years old children from a list of 1300 children; each 10th name was chosen (systematic random sampling). Inclusion criteria were: children (4 -6 years old), born and cared by their biological mothers, Iraqis, and their mothers are still alive to be contacted. Exclusion criteria were: Children who may have a history of other mental disorder like mental retardation or psychoses which might interact with ADHD diagnosis.
Mothers of cases and controls were contacted and were asked to sign consent forms participate in this study. Then a self-administered questionnaire was dispersed to all mothers. Response rate was 100%. The questionnaire contained questions related to sociodemographic characteristics of those mothers, maternal life style (mainly smoking and caffeine intake during pregnancy). Maternal stress questionnaire was developed based on some parts of the Harvard post-traumatic stress questionnaire (the Arabic version). The stress questionnaire included 10 very specific questions related to events or scenarios of wars. Each yes answer is given 1 point and no answer a zero point. Scoring for the stress is as following: 0 = No stress, 1 -5 = mild-moderate stress, more than 5 is severe stress. In our study, we decided to consider the severe stress as a risk factor for ADHD. We did extra validation for the questionnaire and a pretest for the participants was done for 30 mothers to ensure that the questionnaire items were easily understood. Approval for this study was obtained from the pediatric private clinics and from the kindergarten's management. The study was conducted between June-September 2008. Table 1 shows sociodemographic and lifestyle distribution of study samples (N = 300).
RESULTS
The highest percentages of mothers enrolled in the study aged 25 -33 (47.7% for mothers of cases and 46.2% for mothers of controls). Arabic mothers were the most participants compared to Kurdish and Turkman. Table 2 shows that 65.4% of mothers of cases were significantly exposed to stress during pregnancy compared to only 13.8% of mothers of controls (P value < 0.001). This indicates that more mothers of ADHD children were exposed to stress during pregnancy than mothers of children who do not have ADHD.
There was about 27.7% of mothers of cases who were significantly exposed to cigarette smoking during pregnancy compared to only 8.5% of mothers of controls, (P value < 0.001). This means more mothers of ADHD children were smokers during pregnancy than mothers of children who do not have ADHD. Table 3 shows univariate and multivariate logistic regression analyses. The full model included the 9 significant variables; income, stress, smoking, family member hit & injured, father lost the job and house damaged & relocate, family member hit at war family member died at war house damaged. After adjusting the effect of the independent variables, the final model included only five variable as shown below which gives Hosmer and Lemeshow Test P = 0.924 ( goodness of fit of the model).
Looking into the final model, the stress factor was independently significant, with an adjusted odd ratio of 9.08 (95%CI 4.70 -17.52, P < 0.001). Smoking was also independently significant, with an adjusted odd ratio of 3.27 (95% CI 1.40 -7.63 P < 0.001). The income variable had also a significant association with ADHD (adjusted OR 1.02 95%1.00 -3.12, P < 0.001). Another independently significant variable was loss of father's job with an adjusted odd ratio of 2.81 (95% CI 1.51 -5.24 P < 0.001). The last independently significant variable was house damaged with an adjusted odd ratio of 2.55 (95% CI 1.04 -6.22 P value < 0.05).
DISCUSSION
In this study, the aim was to investigate the effect of maternal exposure to war stress in Iraq on the pregnant mothers and whether this would be associated with hav- ing a child affected with ADHD. Exposure to other sociodemographic, and maternal life style risk factors like cigarette smoking and caffeine ingestion among mothers of cases and controls were identified. Our study found a remarkable and independent 9 folds increased risk for ADHD associated with maternal exposure to war stress, giving a strong clue that maternal exposure to war stress was significantly associated with ADHD in the offspring (Adjusted OR 9.08, 95% CI 4.70 -17.52, P < 0.001). This finding is consistent with most of the recent literature information about this correlation. It has also been shown that early postnatal stress in which the baby is already exposed to from the early months of pregnancy or even at later stage of pregnancy, predisposes the child to some seriou developmental delays and s behavioral problems [14] .The current study supports the present literature which indicates that, exposure of the pregnant mother to stress exposes her foetus to the same sort of stress too [7] . Another study highlighted this association [15] who suggested that, especially during months 3 to 5 and 9 to 10 of pregnancy, maternal stress may increase the risk of the child for psychiatric disorders. These findings were similar with all previous studies which showed that child behavioral disturbance was directly related to maternal stress [16] . Although many studies have found a correlation between maternal stress and the subsequent development of ADHD symptoms in children [17] including this current study, but this association may not necessarily be a causal relationship. As ADHD is a very heritable disorder. It might be that, mothers who have experienced greater prenatal stress have a more significant history of ADHD themselves and confer greater genetic risk for ADHD to their offspring. Bearing in mind that our study did not investigate the genetic risk factor of developing ADHD, this would possibly constitute a limitation to our current study.
Another significant association in our study was an independent three-fold increased risk for ADHD associated with maternal exposure to nicotine smoking (Adjusted OR 3.27 95% CI 1.40 -7.63 and P value < 0.001). In other words we can simply infer that, mothers who smoked during pregnancy were 3 times more susceptible to have children affected with ADHD. There is a controversy in the literature on this issue. One researcher [18] on twin siblings study found that, risk for ADHD was not significantly increased in subjects whose, mothers smoked during pregnancy.
Another researcher [19] however, found a positive association between smoking during pregnancy and ADHD in a big population-based sample. In one study [20] they have also found the same results.
On the other hand, there were many human studies which failed to find a significant link between maternal smoking during pregnancy and ADHD in the offspring.
On contrary they found a protective association. One researcher [21] found a lower score on general cognitive functioning in 3-year-old children of mothers who smoked ≥ 10 cigarettes throughout pregnancy as compared with children whose mothers quit smoking just before pregnancy.
In spite of the findings of this current study of a significant association between maternal smoking and ADHD in the offspring, as well as some other similar findings in clinical studies, much more attention and caution should be paid before concluding that, those associations are causal relationships. One of the limitations of this study regarding the maternal smoking factor was that, only smoking status during pregnancy was investigated but the number and types of smoking were not included in this study.
Out of the other risk factors investigated in this study, we found an independent 2 fold increased risk for ADHD associated with one of the war stressors which is the damage of the family house and relocation. There was also an independent 3 fold increased risk for ADHD associated with another war stressor which is the loss of job for the father. Those stressors reflect the specific entity of the stress that most affected the pregnant mother. Stress in general was significant factor.
The last significant association in this study was the income of the family. The study found a significant association between the income of the family and ADHD (adjusted OR 1.02 95% 1.00 -3.12, P < 0.001). The load of work pressure that the middle and high income families face may have a negative impact on their children. This fact may well explain the finding of this association.
This study did not explore data on genetic effects on offspring, or parental psychopathology or drug and alcohol abuse. Therefore, it is unwise to rule out the possibility that there are other unmeasured variables that might be associated with smoking or caffeine intake during pregnancy, which have in one way or another accounted for our findings. Another limitation was the recall bias in which mothers of cases may have provided qualitatively different information than mothers of controls. It is difficult to predict in which direction this bias would impact the current findings.
Mothers of children with ADHD might have been more keen to discover the main reason behind their children's disorder, and could have inspired themselves more to remember the previous levels of exposure with very specific details. This may lead to inaccurate increase in odds ratio. On the other hand, mothers of ADHD children who have used substances during their pregnancy like nicotine or caffeine may feel guilty and therefore, try to underestimate their true levels of use more than mothers who have also used these substances during pregnancy but their children did luckily not suffer any illness or disorder. In this case the true odds ratio would have also been incorrectly decreased this time.
This study is one of the few studies that investigated the war effect on children. To our knowledge it's the first study in Iraq investigating the association of war stress and ADHD. The place of the study is Baghdad (the Capital of Iraq) which is a big city with different, ethnic, national and religious backgrounds gives the study more strength and giving us more freedom to generalize our findings to all Iraq. Finally the multivariate logistic regression model used in the analyses of this study helped in adjusting and clearing the effects that may arise from effects of independent variables on each other's and controlled for confounders.
On Post-traumatic stress among pregnant mothers, this study suggests psychosocial care in wars and disasters which involves: 1) Community self-help groups for emotional support and reestablishment of social connections;
2) Relaxation exercises for controlling and mastering physiological and psychological stress reactions, including hyper vigilance and avoidance;
3) Cultural metaphors and spiritual beliefs to facilitate cognitive processing and coming to terms with an overwhelming experience.
Protecting the pregnant mother and her baby from exposure to pollutants and toxins, including cigarette smoke, agricultural or industrial chemicals, is another recommendation that this study suggests in order to prevent ADHD occurrence in children.
Last but not least, this study aims to present policy makers a good benchmark for planning more programmes related to women and child health with respect to the fourth and fifth Millennium Development Goals (MDGs) for reduction of child mortality and morbidity and improvement of maternal health.
Attention deficit hyperactivity syndrome is a subject which draws attention of many scientists and physician worldwide due to the vague nature of the causes of it. The study which we did was a retrospective case-control study focusing on children with ADHD. It would be interesting in the future to follow a prospective cohort from conception to birth to latency age to examine how stress and other environmental factors would affect the development of various psychopathologies and how maternal stress influences the expression of selective symptoms in children who may be genetically predisposed to certain psychopathologies.
